Objectives: Both advanced age and depression are characterized by changes in sleep patterns. Light exposure is one of the main synchronizers of circadian cycles and influences sleep by inhibiting melatonin secretion, which is mostly sensitive to light of low wavelengths (blue). Blue-blocking (yellow) intraocular lenses (IOLs) have supplanted the usual UV-blocking (clear) IOLs during cataract surgery to prevent age-related macular degeneration, however, the impact of yellow IOLs on sleep and mood is unclear. The purpose of this study was to compare the effects of yellow and clear IOLs on sleep and mood in aged patients undergoing bilateral cataract surgery. Methods: A randomized controlled superiority study was conducted within three ophthalmic surgical wards in France. A total of 204 subjects (mean age 76.2 § 7.5 years) were randomized into yellow or clear IOLs groups. Patients completed a sleep diary, the pictorial sleepiness scale and the Beck Depression Inventory (BDI) one week before and eight weeks after the last surgical procedure. Results: According to an Intent To Treat (ITT) analysis, no significant difference was found between yellow and clear IOLs groups regarding sleep time, sleep latency, total sleep duration, quality of sleep and BDI scores. The rate of patients whose BDI score increased at the cutoff score of 5 after surgery was significantly higher in the yellow IOL group (n = 11, 13.1%) compared with the clear IOL group (n = 4; 4.7%); p = 0.02. Conclusions: Using yellow IOLs for cataract surgery doesn't significantly impact sleep but may induce mood changes in aging.
Introduction
Depression is one of the most frequently encountered psychiatric conditions in patients of advanced age, with an estimated prevalence in the primary care setting of 2%-4% for major depression and up to 10%-15% for sub-syndromal depression (Beekman, Copeland, & M.J., 1999) . Depression in advanced age is associated with increased mortality (Penninx et al., 1999) , functional impairment (Lyness, King, Cox, Yoediono, & Caine, 1999) , increased health care use (Pickett et al., 2014) . Several risk factors have been identified as being associated with depression among patients of advanced age: age greater than 85, female gender, a past history of depression, existing sleep disturbances and impaired functional status (Cole & Dendukuri, 2003) as well as smoking and other vascular risk factors (Rozanski, Blumenthal, Davidson, Saab, & Kubzansky, 2005; Weyerer et al., 2008) . Visual impairment also appears to be a significant risk factor for depression among patients of advanced age (Court, McLean, Guthrie, Mercer, & Smith, 2014) . Cataracts, which are the most prevalent cause of visual impairment among aging individuals, are also associated with changes in circadian rhythms and mood (Kim, Jung, & Song, 2012) .
During cataract surgery, the darkened natural lens is removed and replaced with an artificial intra ocular lens (IOL), usually placed into the capsular bag. IOLs typically block UV light, but IOLs that also filter blue or purple light are now routinely available. These yellow IOLs were initially developed to improve contrast sensitivity, protect the retina from damage resulting from short wavelength light and prevent age-related macular degeneration (Davison, Patel, Cunha, Schwiegerling, & Muftuoglu, 2011; Mainster, 2006; Mainster & Turner, 2010) . However, yellow IOLs exert a decreased effect of photoentrainment potential but to a significantly lesser extent that the aging of natural lenses (Brøndsted, Lundeman, & Kessel, 2013) . Several studies have already demonstrated that UV and blue light filtering IOLs do not negatively impact the quality of vision and quality of life (Espindle et al., 2005; Mester, Holz, Kohnen, Lohmann, & Tetz, 2008) . It has been suggested that blue light exposure could exhibit detrimental effects in aged individuals, in particular on parameters that can affect mood such as sleep-wake cycles. For example, evening exposure to the blue light of the screens of electronic devices induces a delayed phase shift, a decreased duration of Rapid Eye Movement (REM) sleep and an altered quality of sleep (Chang, Aeschbach, Duffy, & Czeisler, 2015) . Similarly, a brief evening exposure (2H00) to blue light induces changes in the non REM Electro-Encephalogram (EEG) power density of frontal regions, which can be interpreted as an alerting effect of short wavelength light (Chellappa et al., 2013) . Using yellow IOLs during cataract surgery may consequently counteract these potentially negative effects. To our knowledge, only three non-randomized studies have compared the effects of clear and yellow IOLs on circadian rhythms with a focus on sleep. One study involved 34 patients (Leruez et al., 2015) , another study included 49 patients (Landers, Tamblyn, & Perriam, 2009) , and another larger study included 961 patients (Alexander et al., 2014) . None of these studies reported differences regarding quality of life or quality of sleep between patients in the clear or yellow IOLs groups. Only few prospective and randomized trials have been published, and these studies did not detect any difference between clear and yellow IOLs regarding sleep patterns (Brøndsted et al., 2015; Schmoll et al., 2014) . However, no studies have simultaneously assessed sleep and mood changes before and after the surgical procedure. Taken together, these data support the rationale to evaluate the effects of yellow IOLs on sleep and mood changes among elderly subjects undergoing cataract surgery. Consequently, the aim of the present study was to demonstrate the superiority of yellow IOLs as compared with clear IOLs on sleep and mood changes before and after bilateral cataract surgery.
Methods

Setting
The study was performed in two French university hospitals (CHU de Tours, CHU de Brest) and a general hospital (Loches) where the data were collected. The study was funded by the French Ministry of Health under grand number 2009-API-10-47) sponsored by the CHRU de Tours (Tours University Hospital) and approved by the French National Drug Safety Agency (Agence National de S ecurit e du m edicament-ANSM) and the local ethics committee in accordance with bioethics laws (Comit e de Protection des Personnes-CPP of Tours, France). The study was registered in the French Ministry of Health database of institutional prospective study (ID Number: PHRI09-PJP / IOL et sommeil, EudraCT registration number RCB 2009-A00719-48) and in the ClinicalTrials.gov database (NCT02304900).
Patients and study population
To be included in the study, patients were required to be 60-90 years old, speak and read French, and have bilateral cataracts (to be eligible for surgery). Patients were first prescreened by an ophthalmologist for the diagnosis of cataracts and an assessment of surgical criteria. Patients with a bestcorrected visual acuity of 20/32 in each eye were diagnosed as having symptomatic visual loss. Visual acuity was measured with the Monoyer chart at 5 m and converted to Snellen acuity. Patients with another ophthalmologic disorder, sleep complaints or disorders, or patients who received continuous and stable psychotropic treatment (benzodiazepine or Z drug) were not excluded. Patients underwent the initial protocol procedure 7 days after providing written informed consent.
Surgical procedures
Patients were randomized with an internet-based program while in the operating room and were divided into two groups depending on the IOL used: the 'yellow' (blue-blocking IOL) group and the 'clear' (UV-blocking IOL) group. Patients (but not surgeons) were blind to the elected intervention. Other assessors, and the authors of this study, were also blinded to the group assignment. The statistician was not blinded. Each center chose implants that were available, and these IOLs were handled according to standard practices in each center. The only restriction in the choice of implant was the version of implant. The implant was required to exist in various sizes with at least one version (3-pieces) over 12.5 mm in diameter for cases of sulcus implantation (without changing the IOL light filter). For clear IOLs, surgeons used: Hoya AF-1VA60BB, AF-1 VA65BB, Alcon SN 60WF or MN60AC. For yellow IOLs, surgeons used: Hoya PY 60AD, AF-1 YA 65BB, Alcon SA 60AT or MA50BM. Experienced surgeons performed the cataract surgeries and IOL insertions. The procedure consisted of phacoemulsification and aspiration followed by the fixation of an intra-capsular IOLs under topical, regional or general anesthesia. The delay between the first and second procedures was between one to three months ( Figure 1 ).
Data collection and outcome measures
For all pre-screened patients, initial information included: age, gender, ophthalmologic history and comorbidities (such as glaucoma, age-related macular degeneration [AMD] or diabetic retinopathy), best corrected visual acuity for both eyes, biometric data to calculate the required refractive power of the IOL, and results from the biomicroscopic and fundus examinations.
Sleep was evaluated with a pictorial sleepiness scale (Maldonado, Bentley, & Mitchell, 2004 ) and a sleep diary as recommended by the American Academy of Sleep Medicine (Morgenthaler et al, 2007) . The pictorial sleepiness scale is based on drawings and rates the quality of sleep, ranked from 0 (not sleepy, not tired) to 4 (really sleepy, tired). Each patient was instructed to complete a sleep diary every day for one week for two time periods. The first period occurred one week before the first surgery, and the second period occurred 2 months after the second surgery. Each day, sleep time, sleep latency, total sleep duration and quality of sleep were evaluated by the patient. Changes prior to and following surgery were calculated for each patient from the average values after surgery and the average values before surgery. The primary outcome variable was the change in average sleep time.
The level of depressive symptomatology was assessed with the Beck Depression Inventory (BDI) (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) , which is a 13-item self-administered questionnaire that is reliable in aged patients and has been previously used to test the effect of cataract surgery on mood and depression (Ishii, Kabata, & Oshika, 2008) . The highest possible score for the questionnaire is 39, and a cutoff score of 5 or higher is consistent with a high probability of having mild to moderate depression (Beck & Beamesderfer, 1974) .
Statistical analyses
The study was designed as a randomized superiority trial. Considering the sleep time as the primary outcome variable, a sample size of 400 patients (200 in each arm) would have provided 90% power to detect a 30 min difference in the change of average sleep time between the two groups (considering a standard deviation (SD) of 92 min).
The randomization sequence was created by a statistician using SAS software and was stratified by center with a 1:1 allocation using random block sizes.
Quantitative variables are described as the means and SD. The Intent To Treat (ITT) population comprised all randomized patients except those who withdrew their consent to participate in the study (as required by French legislation). In cases of missing outcome data, we performed a multiple imputation using baseline features, medical center and treatment group. We used a linear regression model to evaluate the difference in means for primary and secondary outcomes. The BDI score was transformed into a binary variable. During the post-surgery assessment, the patients were considered as 'depressed' when the BDI score was 5 or higher (or 'not depressed' if less than 5). A patient was considered 'improved' when moving from the 'depressed' group to the 'nondepressed', 'deteriorated' when moving from the 'nondepressed' to the 'depressed' group, and 'unchanged' otherwise. A Fisher's exact test was performed on the changes in patient categorization with regard to the BDI scores, to compare values between the two IOL groups.
No interim analysis was performed; therefore, all analyses were performed with a type-I error of 0.05. Analyses were performed using SAS, version 9.2 (SAS Institute, Cary, North Carolina, USA) and R 2.15.2 (R Development Core Team. R: A language and environment for statistical computing R).
Results
Overall, 204 participants were randomized among the three centers: 104 in the yellow IOL group and 100 in the clear IOL group (Figure 1 ) from 1 February 2010 to 31 March 2011.
Considering that the rate of inclusion was twice as low as expected and that the investigator (OZ) that included most of the recruited patients left the institution, the recruitment was ended at the end of March 2011. Baseline characteristics did not differ between groups (Table 1) . A total of 169 patients filled out the sleep diary every day for a week with the sleep time information included. The demographic characteristics of the participants who did not complete the study were similar to those who completed the study. The primary sleep and mood characteristics in pre-and post-surgical periods in both the clear and yellow groups are reported in Table 2 . The results of the linear regression model comparing the yellow group to the clear group (ITT analysis) are reported in Table 3 .
Mean change of average sleep time after surgery was -4.5 § 27.1 min for the clear group and -4.6 § 30.2 min for the yellow group. In the intention-to-treat analysis of the sleep time defined as the primary outcome measure based on a linear regression model, change in average sleep time did not differ significantly between the two groups d yellow vs clear = 0.17 [-8.1; 8.5] ; p = 0.98. The median change of average total sleep latency after surgery was 5.3 § 50.5 min in the clear group and 6.7 § 44.8 min in the yellow group. There were no differences in changes between the two groups, d yellow vs clear = 1.7 [-12.2; 15.5] ; p = 0.81. The mean change in sleep latency was -3.6 § 22.1 min for the clear group and -2.5 § 25.9 min for the yellow group. There were no differences in the change between the yellow and clear group, d yellow vs clear = 0.5 [-7.5; 6.5]; p = 0.8.
Regarding psychotropic drug consumption, 58 patients (28.4%) were regular users, mostly of a benzodiazepine or a zdrug alone (45 among these 58 patients). Psychotropic drug consumption remained unchanged before and after surgery in the yellow (n = 98) and clear (n = 91) IOL groups (Fischer test, p = 0.64).
The BDI score was similar before and after surgery in both groups (mean change was 0.2 § 2.5 in the clear group and 0.5 § 2.3 in the yellow group). No differences were detected between the two groups, d yellow vs clear = 0.35 [-0.57; 0.80] ; p = 0.75. When using a cutoff score of 5 for the BDI to classify patients as not depressed or depressed, the rate of patients who were classified as not depressed at baseline whose BDI score increased at the cutoff score of 5 after surgery was significantly higher in the yellow IOL group (n = 11, 13.1%) compared to the clear IOL group (n = 4; 4.7%); p = 0.02 (Table 4 ).
Discussion
Unexpectedly, no significant differences were detected in terms of sleep among aged patients undergoing bilateral cataract surgery with regard to the type of IOLs the patients received. This is in line with the results of a recent study that included more than 1000 patients and failed to find any differences in terms of overall quality of sleep between UV-blocking and blue filtering IOLs (Alexander et al., 2014) . In this study, the overall wake-related daytime function was improved in both groups one month after surgery and remained stable for over 12 months. However, this study was not randomized. Another recent prospective non randomized study included a similar number of 200 subjects and reported a higher sleep latency score at the Pittsburgh Sleep Questionnaire Inventory (PSQI) in yellow IOLs group (Ayaki, Negishi, Suzukamo, & Tsubota, 2015) . A few other randomized studies that evaluated changes in sleep and circadian rhythms with regard to the type of IOL filter were recently published. The sample size was limited, respectively, to 76 (Brøndsted et al., 2015) and 80 (Schmoll et al., 2014) patients, and none of these studies found any differences between yellow and clear IOLs on circadian rhythms while using less subjective endpoints, such as post-illumination pupil response (PIPR) to blue light after light exposure, actimetry, and salivary melatonin concentration.
Surprisingly, the number of patients whose BDI scores reached the usual cutoff score of 5 after surgery was higher in the yellow IOL group than in the clear IOL group. This suggests that patients receiving yellow IOLs could be at higher risk to develop depression or at least, rather than being improved, mood may have been altered in patients who received yellow IOLs. This is in contradiction with a previous study in which patients were less depressed 2 months after cataract surgery compared to before surgery, regardless of the type of IOLs used (Ishii et al., 2008) . However, in this non-randomized study, changes in BDI scores were mostly correlated with changes in the Mini-Mental State Examination (MMSE) score, an endpoint we did not assess in the present study.
Rather than improving sleep and mood, our results suggest that blue-blocking IOLs may exert a detrimental effect on mood. As a possible explanation, the mood change may be the consequence of altered circadian rhythms that have been shown to have a significant impact on mood (Albrecht, 2017) . Circadian cycles are synchronized by a pacemaker localized in the supra-chiasmatic nucleus (SCN) of the anterior hypothalamus (Klein et al., 1983) , which main input comes from the photosensitive retinal ganglion cells (pRGCs) that are localized within the retina (Berson, Dunn, & Takao, 2002) . Light exposure suppresses the daytime pineal secretion of melatonin, which is triggered and maintained by darkness (Lewy, Wehr, Goodwin, Newsome, & Markey, 1980) . The circadian cycle of melatonin secretion is partially desynchronized in blind individuals (Sack, Lewy, Blood, Keith, & Nakagawa, 1992) but can be restored by a daily administration of exogenous melatonin (Skene & Arendt, 2007) . Photosensitive cells of the retinal ganglion being mostly sensitive to low wavelengths of 480 nm (blue light) (Berson et al., 2002; Brainard et al., 2001) , the daytime level of melatonin suppression may be altered by filtering the light in the blue spectrum by the use of yellow IOLs. Considering that both advanced age and depression are characterized by an advanced phase shift (Myers & Badia, 1995) , blue-light exposure rather than blueblocking could counteract these changes, as suggested by recent data demonstrating that a diurnal prolonged (not limited to the pre-bed period) exposure to blue-enriched clear light is effective in improving clinical symptoms of seasonal Table 4 . Evolution of BDI score after surgery (improved means that a patient who had a BDI score 5 at baseline had a score < 5 after surgery; deteriorated means that a patient who had a BDI score < 5 at baseline had a score 5 after surgery). affective disorder (Meesters, Dekker, Schlangen, Bos, & Ruiter, 2011) , induces a delayed phase shift (Munch et al., 2011) , increases the quality of sleep and improves behavior of nursing home residents with depressive symptoms and Alzheimer's disease (Figueiro et al., 2014) . By blocking the light in the blue spectrum, yellow IOLs could limit this potential correction and the beneficial effect of light exposure in the blue spectrum.
One of the strengths of this study is the superiority of the randomized controlled design and the choice of clinical endpoints assessing both mood and sleep patterns. Moreover, to reflect real life conditions, patients with known or treated sleep disorders (or those receiving psychotropic treatments) were not excluded. The rate of 28% of patients (equally distributed in both groups and in the pre-and post-surgical periods) having at least one psychotropic treatment, mostly a hypnotic drug, is consistent with previous data from the aged population in France (Ohayon, Caulet, & Lemoine, 1996) .
A possible explanation of our failure to find any difference in terms of sleep time, sleep duration and quality of sleep is that we used patient reported outcomes as sleep assessment endpoints (a diary and a self-administered pictorial scale) without getting any objective information on circadian rhythms, such as actimetry parameters or melatonin concentrations. A recent study nevertheless, demonstrated that subjective assessment of sleep time is well correlated to actimetry (Ritter, Sauer, Pfeiffer, Bauer, & Pfennig, 2016) . In addition, having failed to reach the initial target of participant's inclusion, which underpowered the statistical analysis, is another weakness of the study. Moreover, the only significant impact we found on mood has to be cautiously interpreted, as a score higher that 5 at the BDI does not imply patients suffer from significant depression, and many confounding factors we were unable to control for, such as seasonality, the post-surgical complications and other serious adverse events, could explain this slight change. The lack of any information regarding the cognitive status of patients is another major weakness of this study, as impaired vision may be associated with lower cognitive performance among patients of advanced age, and age-related cognitive decline could also be associated with sleep changes (Harrabi et al., 2015) . Finally, we cannot exclude that as surgical procedures were undertaken during the all year span, seasonality could have affected the sleep-wake cycle and may have constituted a potential covariate.
Taken together, data from the literature and the results of the present study suggest that the use of yellow IOLs is not superior to white IOLs with regard to sleep and mood. Instead, our results suggest that yellow IOLs may exert a detrimental effect on mood, but these results need to be further replicated.
